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Abstract

The aim of this study was to determine the effects of thiocyanate on thyroid function in weaned mice. At this developmental
period, induction and reversibility of thiocyanate effects have not yet been studied. In the present work, adult female mice were
given thiocyanate [SCN− (1 g L−1)] in their drinking water from the 15th day of pregnancy until either the 25th (group B) or
the 15th day (group C) after parturition. During five days after weaning, water and food consumptions of treated mice (group B)
were 42.2 ± 1.2% and 56.4 ± 0.9%, respectively, less than those of the controls (group A). On the sacrifice day (the 25th day after
birth), body weight, thyroid iodine content and thyroid hormone levels (FT4 and FT3) decreased by 10.4 ± 3.0%, 40.6 ± 2.3%;
18.7 ± 2.3% and 18.1 ± 1.3%, respectively. Plasma TSH increased by 30.6 ± 1.7% along with the hypertrophy of thyroid glands
(52.6 ± 3.1%). We have observed a hypertrophy of follicle cells and a decrease in colloid volume within histological slides. After
SCN− withdrawal (group C), partial or total recovery were noted in all parameters studied. We concluded that hypothyroidism
effects added to the weaning event affected greatly thyroid function and behaviour of mice; these would be largely reversed by
withdrawing thiocyanate treatment for a period of ten days. To cite this article: H. Ghorbel et al., C. R. Biologies 331 (2008).
© 2008 Published by Elsevier Masson SAS on behalf of Académie des sciences.

Résumé

Effets du thiocyanate sur la fonction thyroïdienne des jeunes souris sevrées. L’objectif du présent travail consiste à étudier
l’induction et la réversibilité d’action du thiocyanate sur la fonction thyroïdienne chez la jeune souris en période du sevrage. Des
souris gestantes adultes ont été réparties en trois groupes. Le groupe A représente des témoins, tandis que les groupes B et C sont
constitués par des souris traitées à partir du 15e jour de gestation au thiocyanate [SCN− (1 g L−1)], administré par la boisson des
mères pendant 31 et 21 jours, respectivement. Durant les cinq jours qui suivent le sevrage, nous avons noté une diminution des prises
quotidiennes en aliment solide (42,2 ± 1,2%) et en boisson (56,4 ± 0,9%) comparativement à celles des témoins. Toutes les jeunes
souris ont été sacrifiées à l’âge de 25 jours. Nous avons obtenu chez les jeunes souris traitées du groupe B une diminution du poids
corporel (10,4 ± 3,0%), du contenu en iode (40,6 ± 2,3%) et des taux plasmatiques en FT4 et FT3 (18,7 ± 2,3% et 18,1 ± 1,3%,
respectivement). Chez les souris de ce groupe, le contenu plasmatique en TSH a augmenté de 30,6 ± 1,7%, ce qui va de pair
avec une hypertrophie de la thyroïde (52,6 ± 3,1%). Ces perturbations biochimiques sont associées à des modifications de l’aspect
histologique de la thyroïde. L’arrêt du traitement, dix jours avant le sacrifice des souris du groupe C, a induit une réversibilité
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partielle ou totale des paramètres biochimiques et histologiques de la fonction thyroïdienne. Nous pouvons conclure que les effets
de l’hypothyroïdisme, associés à ceux du sevrage, modifient fortement le fonctionnement thyroïdien et le comportement des souris,
lesquels peuvent être corrigés par un arrêt de traitement pendant une période de dix jours. Pour citer cet article : H. Ghorbel et al.,
C. R. Biologies 331 (2008).
© 2008 Published by Elsevier Masson SAS on behalf of Académie des sciences.
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1. Introduction

Thyroid dysfunction could be induced by various
factors such as ionizing radiations [1], pollution [2–4]
malnutrition [5], antithyroid drugs [6,7] dietary goitri-
gens [8], and iodine-deficiency [9]. Children born in
iodine-deficient areas are at risk of neurological disor-
ders and mental retardation because of the combined
effects of maternal, foetal, and neonatal hypothyrox-
inemia [10]. In some parts of African countries like
Congo, Uganda, and Kenya, the prevalence of goitre
exceeds 81% [11]. Although iodine deficiency is the
main factor in the aetiology of endemic goitre, the
additional role of goitrogens has been shown or sus-
pected in areas such as Congo and Sudan, where
goitre is endemic [12]. In these regions, people are
exposed to thiocyanate overload provided by con-
sumption of cassava roots, which are used as a sta-
ple food and contain the cyanogenic glucoside lina-
marine [13]. Linamarine metabolism produces thio-
cyanate (SCN−), a well-known goitrogen [14]. SCN−
ion competes with iodide (I−) trapping, iodide oxida-
tion, and binding to thyroglobulin at the level of the
thyroperoxidase enzyme [15]. Indeed, the SCN− and
the iodide share some common physiochemical prop-
erties, and both are oxidized by the peroxidase en-
zyme [16].

In Africa, poverty and food scarcity due to drought
and war force consumption of incomplete detoxified
cassava [17]. The SCN− overload originating from con-
sumption of poorly detoxified cassava is considered a
contributing factor responsible for the increase of the
goitre rate [18].

Life-style-related factors such as smoking are con-
sidered another common source of thiocyanate contam-
ination. In fact, cigarette smoke contains several toxins
such as hydrogen cyanide and 2,3-hydroxypyridine [19,
20]. In the whole world, tobacco arises as a very se-
rious problem. According to the World Health Orga-
nization (WHO) report (2002) dealing with worldwide
smoking statistics, about one third of the male adults
in global population smoke; smoking is on the rise
in the developing world, but is falling in developed
nations. Among people of the developing world, to-
bacco consumption is rising by 3.4% per year [21].
Cigarette smoke containing HCN is rapidly absorbed
by the lungs galins, the systemic circulation spread-
ing out in the entire organism by passing the portal
circulation [22]. HCN is detoxified by a conversion
through an intramitochondrial enzyme, the rhodenase,
to the less toxic compound, the thiocyanate [23]. Con-
sequently, smoking increases greatly SCN− levels in the
serum [16].

Human thiocyanate contamination can be also the
result of pesticide use. For example, aminotriazole, a
systemic non-selective herbicide, is often associated
with ammonium thiocyanate, which enhances its activ-
ity [24].

Manufacturing activities releasing hydrogen cyanide
include electroplating, metal mining, metallurgy, and
metal cleaning process; these are considered the most
important cause of thiocyanate contamination in work-
ers [25,26].

Thiocyanate can be transmitted from dams to pups
during the lactating period via breast milk feeding. In-
deed, SCN− effects were assessed on different exper-
imental species, such as rats [7], mice [6], and in-
fants [22], during the lactating period. However, there
are no previous investigations dealing with thiocyanate
consumption and thyroid function of weaned young
mice during the developmental period.

The objective of our work was to study the effects of
weaning period on the thyroid function of thiocyanate-
treated young mice, issued from thiocyanate-treated
mothers. Weaning is a very critical period for pups’
behaviour and maturity (water and food consumption),
especially if we take in consideration the fact that hy-
pothyroidism provokes a delay in nervous system de-
velopment and behaviour maturity, enhancing more dif-
ficulties for adaptation to the new life conditions, in the
lack of mother care.
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Table 1
Treatment periods of 25-day-old mice, controls (group A) and treated
with thiocyanate [SCN− (1 g/L)] given to mothers’ drink from day
15 of pregnancy until either the 25th day (group B) or the 15th day
(group C) after delivery

Biological events Coitus Parturition Weaning Sacrifice

Pups age
(days)

– – 1 15 21 25

Time after
coitus (days)

0 15 20 35 40 45

Group A No treatment

Group B ←−−−−−−−−−−−−−−−−−−−−→
Group C ←−−−−−−−−−−→

2. Materials and methods

2.1. Animals

According to the European convention for the pro-
tection of vertebrate animals used for experimental
and other scientific purposes (Council of Europe No.
123, Strasbourg, 1985) and according to the review
committee of our institution, mice rearing and experi-
ments of this work were approved. In the present study,
adult Swiss strain mice weighing about 30 g were pur-
chased from the Central Pharmacy (SIPHAT, Tunisia).
They were housed at 22 ± 3 ◦C with light/dark pe-
riods of 12 h and a minimum relative humidity of
40%. They had free access to water and commercial
diet (SICO, Sfax, Tunisia). The standard diet con-
tained 0.720 ± 0.012 µg of iodine by gram of diet.
Iodine content of diet was determined, after acid min-
eralization, using the catalytic method of Sandell and
Kolthoff [27]. After one week of acclimatization to
the laboratory conditions, female mice were caged
overnight with males and the presence of spermato-
zoa in the vaginal smear indicated day zero of preg-
nancy.

2.2. Experimental protocol

The initial number of pregnant mice was 18, equally
divided into three groups of six individuals (Table 1):
controls (group A) and treated with thiocyanate (1 g/l)
administered in drinking water of dams from the 15th

day of pregnancy, before the beginning of foetal thy-
roid function, until either day 25 (group B: mice treated
during 31 days) or day 15 after parturition (group C:
mice treated during 21 days with 10 days of treatment
withdrawal before sacrifice). Each pregnant mouse was
separated in an individual cage to deliver spontaneously
three weeks after coitus. At birth, litters were reduced
to eight pups each (four males and four females if pos-
sible), because it has been shown that this procedure
maximizes lactation performance [28]. Therefore, the
total number of pups was 144. The day of birth was con-
sidered as postnatal day one.

For each group, all pups (n = 48) were precisely
weighed. We have not observed any differences between
male and female growth because, for this period of treat-
ment, mice are not pubescent and sexual hormones are
not yet secreted by gonads. Only 42 young mice were
used for the determination of thyroid weights. The thy-
roids of the six other pups were taken with a piece of
trachea for histological studies.

Mice of the three groups were weaned at the 21st

day after parturition (five days before sacrifice). Before
the weaning day, mice survived only on the mothers’
milk and thus obtained thiocyanate from the breast milk.
The daily-consumed food and water by weaned mice
was precisely measured during five days before sacri-
fice (Table 2).
Table 2
Daily food, water, iodine and thiocyanate intake by weaned mice (during 5 days): controls (group A) and treated with thiocyanate [SCN− (1 g/L)]
given to mothers’ drink from day 15 of pregnancy until either the 25th day (group B) or the 15th day (group C) after delivery

Parameters and
treatments

A B C

Food consumption
(g/day/mouse)

4.35 ± 0.25 1.92 ± 0.57∗∗∗ 3.98±0.43+++

Water consumption
(ml/day/mouse)

4.36 ± 0.15 2.52 ± 0.23∗∗∗ 3.95±0.47+++

Ingested iodine
(µg/day/mouse)

3.13 ± 0.18 1.46 ± 0.41∗∗∗ 2.86±0.46+++

Ingested SCN
(mg/day/mouse)

2.03 ± 0.57 –

Number of determinations (n = 30). Treated B vs. controls: *** p � 0.001. Treated C vs. treated B: +++ p � 0.001.
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2.3. Determination of morphological and biochemical
parameters

After anaesthesia with chloral hydrate by intraab-
dominal way, body weights of young mice were mea-
sured. Femurs (right or left) were carefully dissected
out for length and weight determination (n = 48). Blood
samples were collected from the brachial artery of pups
and plasma samples were withdrawn after centrifuga-
tion at 2200 g for 15 min and kept at −20 ◦C. Only
eight samples of plasma were randomly chosen for the
determination of free T4, free T3 and TSH by radioim-
munoassay, using commercial kits from Immunotech,
France (refs: 1363 (FT4); 1579 (FT3)), and for that
of TSH using a rat-specific TSH kit supplied by IBL-
Germany (ref.: AHR001).

2.4. Chemical and histological studies

Thyroid glands (n = 42) were removed from pups,
they were weighed and kept at −20 ◦C until biochem-
ical analysis. Eight thyroid glands were randomly se-
lected for iodine content determination after alkaline
mineralization, according to Sandell and Kolthoff’s
method [27].

Six thyroid samples were randomly selected for light
microscopy. They were taken with a piece of trachea and
fixed in a Bouin solution, embedded in paraffin and se-
rially sectioned at 5 µm. Then, the sections were stained
with hematoxyline eosin (HE) [29].

2.5. Statistical analysis

Comparisons of mean values between mice treated
groups (B and C) and control group (A) or between
treated mice (group C and group B) were made using
ANOVA followed by Student’s t -test. Statistical signifi-
cance was defined as a P value of less than 0.05. Values
were expressed as the means followed by standard de-
viation.

3. Results

3.1. Growth and feeding

3.1.1. Body weight variation
The dose of SCN− (Table 2), administered to group B,

provoked growth retardation of mice comparatively to
group A. Indeed, the body weight was decreased by
10.4 ± 3.0% (Fig. 1). When thiocyanate was eliminated
from the mothers’ drinking water on the 15th day fol-
lowing parturition (mice of group C), a partial recovery
Fig. 1. Body weights, femur weights and lengths of 25-day-old mice,
controls (group A) and treated with thiocyanate [SCN− (1 g/L)] given
to mothers’ drink from day 15 of pregnancy until either the 25th day
(group B) or the 15th day (group C) after delivery. Treated B or C vs.
controls A: *** p � 0.001. Treated C vs. treated B: +++ p � 0.001.
The number of determinations is represented above the columns.
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was obtained in body weight after ten days (6.0±0.9%)
comparatively to animals of group B (Fig. 1). This re-
covery occurred without reaching control values.

3.1.2. Femur length and weight variations
The femur weights and lengths of mice of group B

were decreased by 20.1 ± 2.3% and 8.8 ± 1.2%, re-
spectively, comparatively to those of controls (Fig. 1).
In group C, bone growth was partially recovered in com-
parison with group B (+10.8 ± 1.6% in femur lengths
and +24.9±2.5% in femur weights). This improvement
occurred without reaching control values (group A)
(Fig. 1).

3.1.3. Food and water consumption
The decrease in body weight was associated with a

reduction in food (−56.4 ± 0.9%) and water (−42.2 ±
1.2%) consumptions and in ingested iodine quantities
(−53.0 ± 0.9%) (Table 2). Compared to group B, group
C showed an improvement in water and food consump-
tions by (+36.4±1.8) and (+51.8±2.3%), respectively
(Table 2).

3.2. Thyroid gland weight variations

An hypertrophy of the thyroid gland by +52.6 ±
3.1% was noted in pups treated with SCN− (group B)
(Fig. 2), probably resulting from the increase (+31.0 ±
1.7%) of TSH: plasma thyroid stimulating hormone
(Fig. 2). After SCN− withdrawal (group C), thyroid
gland weight decreased by (−35.3 ± 2.6%) compar-
atively to animals of group B (Fig. 2). Plasma TSH
levels decreased by 87.3 ± 4.3% (P � 0.001) and by
81.8 ± 6.2% (P � 0.001) when compared to groups B
and A, respectively (Fig. 2).

3.3. Thyroid hormone levels

The thyroid hormone levels FT4 and FT3 in plasma
were decreased by 18.7 ± 2.3% and 18.1 ± 1.3%, re-
spectively, in mice of group B comparatively to those
of group A (Fig. 2). The reduction of plasma thyroid
hormone levels was the result of the decrease in daily-
ingested iodine (−53.1 ± 0.6%) and thyroid iodine con-
tent by (−40.6 ± 2.3%) (Table 2 and Fig. 2). After
SCN− withdrawal, group C showed an increase in thy-
roid iodine contents (+29.1 ± 1.8%) and in plasma thy-
roid hormone levels of FT4 by 15.8 ± 1.2% and of FT3
by 13.4 ± 0.8% when compared to those of group B
(Fig. 2). Daily-ingested iodine was also improved by
(+49.0 ± 2.3%) in group C, comparatively to group B
(Table 2), while compared to animals of group A, mice
of group C presented a total restoration of plasma FT4
levels, although thyroid iodine contents and plasma FT3
levels of group C were lower than those of group A
and were respectively increased by +16.0 ± 0.9% (P �
0.01) and +5.4 ± 0.8% (P � 0.001) (Fig. 2).

3.4. Histological modifications

The morphological and biochemical perturbations
were confirmed by the histological study of thyroid
glands. Indeed, thyroids of group B presented closed
follicles, follicular cell hyperplasia, an increase in fol-
licular number and vascularity as well as a decrease
in colloid volume (Fig. 3, photo B). However, in con-
trols (group A), the majority of follicles were larger
than those in treated mice (B and C), lined by more
flattened epithelium and filled with a deeper stain-
ing colloid (Fig. 3, photo A). Ten days after SCN−
withdrawal (group C), the histological aspect of the
thyroid glands was improved comparatively to ani-
mals of group B, with an increase in colloid volume
and a decrease of follicular cell hypertrophy (Fig. 3,
photo C).

4. Discussion

Weaning is one of the most important events in the
early stage of life. After weaning, pups become nutri-
tionally and behaviourally independent of their dam,
so the weaning procedure influences their physiologi-
cal and neurobehavioural development [30].

In this study, we noted important thyroid hormone
changes within the pup, which occurred during the
weaning time period. It is well known that two hor-
mones, specifically thyroxin (T4) and corticosterone,
show developmental surges prior to weaning initia-
tion [31,32]. These hormones have been shown to in-
duce maturational changes in various organ systems
during the third postnatal week [33]. Moreover, it was
previously demonstrated that hypothyroidism affects
the timing of weaning [34], whereas weaning effects on
hypothyroid offspring physiology and behaviour are yet
less well understood.

In the present study, thiocyanate treatment of group B
mice provoked a decrease in body weight, femur growth,
thyroid iodine content, and plasma thyroid hormone lev-
els. Because the iodine is the precursor of thyroid hor-
mones’ biosynthesis, the transport and the concentration
of iodine within the thyroid gland represent the first step
in the production of the iodine content of thyroid hor-
mones [35]. Indeed, iodide uptake occurs across the ba-
solateral membrane of polarized thyroid follicular cells
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Fig. 2. Thyroid weights, plasma TSH levels, thyroid iodine content, and plasma thyroid hormone (FT4, FT3) levels of 25-day-old mice, controls
(group A) and treated with thiocyanate [SCN− (1 g/L)] given to mothers’ drink from day 15 of pregnancy until either the 25th day (group B) or the
15th day (group C) after delivery. Treated B or C vs. controls A: * p � 0.05; ** p � 0.01; *** p � 0.001. Treated C vs. treated B: ++ p � 0.01;
+++ p � 0.001. The number of determinations is represented above the columns.
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Fig. 3. Histological thyroid sections of 25-day-old mice, controls
(group A) and treated with thiocyanate [SCN− (1 g/L)] given to
mothers’ drink from day 15 of pregnancy until either the 25th day
(group B) or the 15th day (group C) after delivery. �⇒: Arrows indi-
cate thyroid follicles; �: arrows indicate blood vessels.

and is an active transport driven by inwardly directed
Na+ gradient [36]. In rats, the activity of sodium iodide
symporter (NIS), an intrinsic membrane-associated pro-
tein cloned and characterized, was shown to be under
the control of TSH [37]. Thiocyanate and iodide (I−)
have a similar charge and a comparable ionic volume,
and the SCN− could be transported by the NIS sys-
tem [38]. Furthermore, similarly to iodide trapping, the
SCN− catch by the thyroid cell is increased in the pres-
ence of the TSH [39] and the intrathyroidal metabolism
of SCN− also increased after TSH stimulation. Hence,
the SCN− would be rapidly oxidized by the thyroper-
oxidase (TPO) enzyme in the presence of H2O2. There-
fore, as it was recently demonstrated by Contempré et
al. [16], the SCN− is not accumulated in the thyrocyte,
and it ultimately generates an I-deficient thyroid with
a decrease in thyroid hormones’ synthesis that would
induce growth retardation [16]. Actually, many other
studies have shown the stimulation of bone growth by
thyroid hormones that have a direct effect on longitu-
dinal bone growth in both humans and rats [40,41] in
addition to their direct effect on the nervous system’s
maturation [42].

During the five days of mice weaning, we have noted
an important daily decrease in food and water consump-
tions and in iodine intake. These behavioural perturba-
tions could be the result of the stress caused by weaning
when the totally mother-dependent pups become self-
autonomous mice. Most of the physiological functions
were modified in correlation with an important matu-
ration of organs (increase in intestine size, acceleration
of bone ossification, autonomous thermoregulation...).
Moreover, young mice have to find their food and re-
spond to external stimuli [43]. Furthermore, Goody
and Kitchen [44] have demonstrated that weaning rat
pups at day 21 activate the δ-opioid receptor that medi-
ates swim-stress-induced analgesia (swim SIA), while
Muhammad and Kitchen [45] have shown that a delay
of weaning until the 25th day beyond the normal day
of weaning was able to halt the µ- to δ-opioid recep-
tor transition and the mediation of swim SIA by 5 to 10
days. The recent study of Hickey et al. [46] showed that
the abrupt weaning of calves is a stressor that also in-
creases the physiological measures of stress hormones.
These data correlates with our findings, showing that
while adding SCN− in the drinking water, a feeding de-
crease and behavioural perturbations occurred.

On the sacrifice day of mice treated during the full
period (group B), an increase in thyroid gland weights
was obtained. This result can be explained by a feed-
back to the hypothalamo-hypophysis axis, indicating
the low levels of FT4 and FT3 in the blood; hence,
more thyroid-stimulating hormone (TSH) was released
in order to increase the production of these hormones.
Consequently, hypothyroidism and hypertrophy of the
thyroid gland were evidenced. These states of the thy-
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roid gland, observed in group B, were the result of the
continuous SCN− exposure from the neonatal period
until the weaning period. Indeed, SCN− is transmitted
from dams to foetus during pregnancy by placenta [47,
48] and from mothers to pups during the lactating pe-
riod by breast milk [6,22,49,50]. After weaning, young
mice consumed directly SCN− in the drinking water
until the sacrifice day. Recent studies showed that hy-
pothyroidism is associated with modest pituitary en-
largement in humans, and several case reports of pi-
tuitary enlargement sufficient to present visual impair-
ment through comparison of the optic chiasma have
been published [51,52]. These data correlate with an im-
portant TSH secretion under hypothyroid state, as it was
found in our study.

Histological changes observed in thyroid slides of
group B were characterized by closed follicles, follic-
ular cell hyperplasia, an increase in follicular number,
and vascularity, as well as a decrease in colloid volume.
These data confirmed previous results by Soussia and
collaborators [7], who had demonstrated that in the case
of rat species, thiocyanate treatment provoked follicular
cell hyperplasia and a decrease in colloid volume. More-
over, these authors observed, on the periphery of follic-
ular cavities, the presence of empty vacuoles resulting
from colloid resorption. This event was not observed on
mice histological slides.

When SCN− was removed from the drink of group C
mothers at the 15th day after delivery, the young s’ body
and femur growth rates, the thyroid iodine content and
plasma thyroid hormone levels increased in comparison
with those of group B, but did not reach control values
(group A).

Improvement of all biochemical parameters might be
explained, first, by an amelioration of the mothers’ milk
iodide content before the weaning day (21st day). In-
deed, thiocyanate treatment during the lactating period
inhibited the two effects of prolactine on iodide and NIS
accumulation by the mammary gland [53]. During this
period, thiocyanate inhibited iodide transporter activity
as well as bearing functions like a general metabolic
inhibitor [53]. Furthermore, results of Ben Hamida et
al. [6] showed that after 12 days of thiocyanate with-
drawal from drinking water during the lactating period,
body weight and plasma thyroid hormone levels of both
mothers and pups increased. Second, after the weaning
day, the young mice of group C did not receive thio-
cyanate from water and showed an increase in daily
food consumption and ingested iodide; these helped
in thyroid iodine retention. Consequently, a reversible
thiocyanate effect was noted, with a partial coming back
of plasma thyroid hormone levels.
In contrast to iodine deficiency, where there is a pref-
erential FT3 rather than FT4 production, we have noted
that the FT3 plasma level is significantly lower, whereas
FT4 is slightly reduced compared to those of group A.
We can explain this result by the fact that thiocyanate
has an inhibitory effect on T4 5′-monodeiodination
(DI), as demonstrated by Langer et al. [54].

On the other hand, inhibition of DI could be ex-
plained by restriction of calorific supply to mice during
the critical period of weaning. In fact, we have obtained
a decrease in daily food and water consumption and
in body weights of 25-day-old mice. Moreover, it is
well known that starvation and protein-calorie malnu-
trition inhibited specifically DI, inducing the reduction
of plasma FT3 levels [55,56]. It seems that the content
of carbohydrate in diet as well as calorific supply main-
tained DI activity at the normal level.

The increase in thyroid hormone production was re-
sponsible for the decrease in TSH levels and in thyroid
weights, as it was found in this investigation.

In group C, we found an important decrease in
plasma TSH level comparatively to the treated group B
and the control group A. This result would be ex-
plained by reversible pituitary gland hypertrophy asso-
ciated with cells’ transdifferentiation impairment [57].

Restoring iodide, by removing SCN− from drinking
water, ten days before sacrifice, reduced the hypertro-
phy of follicle epithelial cells and increased the colloidal
volume. Some follicles became also larger than those
of group B. In human pathologies, goitre size has been
found to be reduced either by application of an iodide
treatment [58], which induced a decrease in the size
of cells and follicles [59], or by a reduction of plasma
TSH levels, as demonstrated by our results. In fact, Van
Sande et al. [60] noted that iodide uptake by the thyroid
gland is competitively inhibited by SCN−, especially
high-goitrogenic substance consumption, and is allevi-
ated with normal iodine supply [50]. This reversibility
explains the return of the thyroid gland to its normal as-
pect.

In group C, values of consumed food and water as
well as daily iodide intake were improved when com-
pared to group B, and showed no significant difference
with those of group A. This improvement would be ex-
plained by the development of their neurobehavioural
activities. Indeed, after withdrawing SCN−, the thy-
roid function was restored and plasma thyroid hormone
levels increased, which enhanced cell multiplication in
the central nervous system. Indeed, Rabie et al. [61]
have demonstrated that T4 treatment of two-week-old
hypothyroid rats induced a transient wave of cell mul-
tiplication in the external granular layer of the cerebel-
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lum. Therefore, according to these authors, the number
of mitoses per Purkinje cell was increased by 45% af-
ter treatment with T4 for only two days. It seems that
a significant number of differentiated cells in cerebel-
lum was increased after T4 treatment of hypothyroid
rats. Moreover, we had obtained, in a previous inves-
tigation [62], dealing with the effects of thiocyanate on
the nervous system’s maturation, an improvement of the
biochemical parameters and of the histological aspects
of cerebellum after 10 days of thiocyanate withdrawal
in 25-day-old mice. Therefore, we can postulate that,
during the first 15 days of life, transient hypothyroidism
can occur without any effect for the neurobehavioural
development of mice.

In conclusion, our study showed that, in the case of
mice treated with thiocyanate, hypothyroidism effects
added to the weaning event affected greatly the thyroid
function and behaviour. The 25-day-old mice treated
for 31 days (group B) have lower plasma thyroid hor-
mone levels and grow less than those treated for 21 days
(group C). These perturbations could be largely reversed
by withdrawing thiocyanate treatment for a period of ten
days.
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